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. RAILWAY INTERLOCKING . 
. ( A Pale,' read be/ore the Syd,/e)1 UlIiv!rsity ElIgi'/eeri"g Society, 
on July 9 th, I9I3. 
By CHARLES WILKIN .M .I.M.E 
I~terlocking Engineer to the New South Wales Railwa.ys. 
Among the various branches of Engineering, as applied to 
Railways, there is none of more importance than that of efficient 
Interlocking and Signalling. Without this valuable adjunct, 
economic and safe working would be • impossible ; not only 
would the carrying capacity and rapid transit now demanded 
be hopeless, but. as no security would be insured for the millions 
of people who travel by t rain, no railways could be practically 
or commercially worked. In fact , such a condition as would 
exist without an interlocking syst em is inconceivable. What 
has br ought this about we shall see later. 
mSTORICAL SKETCH. 
In the early days of the introduction of railways in Eng-
land, the birthplace of this great and indispensable means 
. of transport, the question of adequate signalling. never occurred 
to the pioneer engineers. All their skill and attention was 
directed to tractive power, and the construction of earthworks, 
bridges, tunnels, and the laying of the track, now designated 
as the Permanent Way. 
At the opening of the Stockton and Darlington Railway, 
in 1825, the first railway signal was used, and consisted of a 
r ed flag, held by a horseman, who rode on the track in front 
. of th e engine- which, by the way, was driven by the immortal 
George 'Stevenson-rather a risky proceeding in these modem 
days. Even in this instance, the system was short lived, as 
"George, " to show what his engine could do, " shook her up, " 
and the equestrian signalman had to clear out, and was soon 
left far behind as the train attained the speed of 15 miles an 
hour. (Fig. 1. ) 
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One of the next advances in signalling was the" Handbell " 
System, whereby a man preceded the t rain, which only travel- . 
led about the speed of a traction engine, swinging a hand bell. 
It was in use as late as 1888 on the Victorian Railways, between 
Spencer Street and Flinders Street. The bell was subsequently 
fixed on the engine and operated by the driver, and was largely 
in use in America for years, and up to the present date .. I be-
lieve, on the South Australian Railways, where the rail are 
laid in the public streets of Adelaide and Port Adelaide. 
I t was soon found, however, after many accidents had oc-
curred, that something would have to be provided in the way 
of fixed, visible signals, as speed incr eased and the engines and 
trains being rigidly confined to iron t racks, there was no get-
ting out of the way, and the rule of the road adopted by coach-
men and drivers of horse-drawn vehicles ~ould not be adhered 
to. One rule was,. however , adopted, in the case of double 
lines of t r ack, and that was tlie adherence to the "left-hand 
side," and with the exception of America, Canada. Russia, and 
one or two other countries, where this principle is reversed, 
all nations have adopted the original English practice in this 
respect. 
For some time, when the trains on each line were few, 
ther e were either no signals at all or signals of a very primi-
tive description. These wer e given i.n daylight by flags or by 
8· man holding up his arms, and at night by hand-lamps. These 
signals, which ar e called "hand-signals," t ill r emain in use, 
p art icularly in shunting. (Fig. 2.) 
In passing. I may remark t hat the New South Wales Rail-
way Department is the only one that has adopted a standard 
size for hand-flags. The ordinary " hand size, " measur ing 18 
inches by 24 inches. and that used by guards 9 inche by 12 
inches. 
As traffic increased, a bett er system of controlling the 
movement of t rains became a necessity, and signals fixed on 
posts by the side of the railway came to be universally adop-
ted. (F igs. 3, 4. ) 
The views show a few of the various types used . I can 
well remember many of them being in operation in my own 
time. Even after interlocking was introduced, they wer e r e-
t ained for a long while, as drivers had become accustomed to 
them, and r ailway managers were very conservative, and 
anxious t o avoid t aking any risks. But though these ar e now 
merely matters of history, at the same t ime they are interest-
ing, as showing the or igin and gradual development of the 
int erlocking system. 
Not only were English managers afraid to alter the design 
and form of the signals thei r.men had been educated to. but the 
continen tal lines, too, r etained t heir original primitive signals 
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for many years .. and the author well remembers the antiquated 
"chess boards, " in operation in France and Belgium as -late 
as 1882. ~e Chemi~s de fer de l'Etat Belgique were the .pion-
eers of the mterlockmg systems on the Continent France Ger-
many, and Russia following later. " 
In 1841, the signal known as the "Semaphore," now al~ 
most universally adopted on railways, was introduced by Mr. 
C. H. Gregory. Although some Companies have adopted the 
"central pivot," and others the" end pivot," some arms work-
ing to two or even three positions, up or down the general 
principle of the "Semaphore" signal is the same. ' (Fig. 5.) 
The early types of tbis class of signal, whicb were in use 
for many years, provided for the arms working between two 
plates or boards, or rather "blinkers," as they were called, 
but on one particulady stormy and snowy winter's night a 
terrible series of collisions occurred on the Great .Northern 
Railway, of England, where the signal arms had been lowered 
and 'had become frozen and jammed in their "off" positions., 
notwithstanding that the operating levers were reversed, with 
tbe r esult tbat two awful collisions occurred, resulting in & 
fearful loss of life and destruction of property. 
This brought about the "outside" and "central pivoted 
arms," which could not be obstructed by snow or frost, the 
Great Northern Company being the first to adopt the system 
now universally followed. 
The light at night was originally given by a revolving 
lamp, with white, red and green bull's-eyes, operated mechani-
cally by the movements of the "Semaphore arms," and corres-
ponded with its ' position. For instance, if the arm were 
horizontal, meaning danger, or stop, a red light was shown, if 
lowered to 45° a green light was shown, indicating caution, or 
proceed cautiously, and if to 90°. or vertical, the light shown 
would be wbite, or " all clear." Revolv-ing lamps for this 
class of signal have now, however, been universally abandoned 
in favour of the "Spectacle," which is attached to the arm, 
and indicates red or green. It was foumd that the white 
light was a source of danger, as the red glass, which indicates 
"danger," might be broken, and thus lead to serious acci-
dents. 
Consequently, the modern rule on all railways now is that 
a white light, exhibited by a fixed signal, must be treated and 
observed absolutely as DANGER. 
. After some eonsiderable time had elapsed in the early 
days of railway working.' it. .became ev~dent that. something 
more was wanted in the dIrectIOn of locatIOn of the SIgnals, and 
the practice (now in general use) of the Distant ~d H ome 'Yas 
introduced. (Figs . 6, 7. ) The Up and Down Home SIgnals COnsIst-
ed of ra two-armed semaphore, fixed usually on the passenger plat -
fot"m erected in the middle of the station yard. The Distant , 
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signals were fixed from 800 t o 900 yards out- beyond the Home 
signals, but there were no mechanical means provided to compel 
the signals being worked in a systematic manner. Modern rules 
provide for the Home signal, which are now fixed outside the 
first facing points, being pulled off first, and the Distants after-
wards. The Semaphore home signals were worked by hand 
levers on the post, and the Distants by wire connections, mani-
pulated by ship wheels, with ratchets and pawls. I have fre-
quently seen, in the old days, cases where the signalman or 
Station Master has 'Pulled off, say, the Up Distant and the 
Down Home, and vice versa, rather a loose way of providing 
for safe working. 
About the year 1846 it had begun to be the custom to con-
Cf'n trate as many signals and point levers together as could be 
convenien.tly worked by one man, and for this purpose the points 
and signals were connected to the levers by rods an d wir es. (Figs. 
8, 9. ) This system, however, introduced the danger of the 
signalman pulling the wrong lever by mistake, which might 
easily happen if he had ten or twenty levers before' him. To 
co:mteract this danger, Mr. Stevens, in 1847, invented a plan 
by which the signalman worked the points with an ordinary 
point lever, and the signals by means of stirrups, placed imme-
diately adjoining the point levers 'to which the signals applied. 
There was, however, no mechanical obstacles to the signal-
man making serious mistakes. Various modifications of this 
system wer e introduced from time to time by railway officials 
and mechanics, but the first system of controlling the motion of 
rods by pins working in slots (Fig. 10) was the germ of the system 
of interlocking invented by the late Mr. John Saxby (whose 
death has only been recently reported, at the ripe age of 95 
years). Since the introduction of the interlocking system en-
ormous progress has of course been made, and the well-known 
nrlllEi of Messrs. Saxby and Farmer and Messrs. McKenzie and 
Holland are still household words among all railway men. Num-
bers of different designs of interlocking machines have .been 
brought out and patented at various times by different inven~ors, 
but, so far as what is Imown as the manual principle is concerned, 
thb machines designed and made by the two eminent firms men-
tioned have hitherto held their own against all competitors, 
and although the apparatus used on different railways through-
out the world may vary in detail, the vital principles are the 
same as those that have been introQ.pced and manufactured by 
these firms for many years. (F igs. IT, 12, 13. ) For a long time 
every Railway Company in Great Britain and the Continffilt had 
all their interlocking work done by contraet, bnt as the years 
r olled by their own officials became sufficiently familiar with the 
principles involved that they devised and insisted on certain de-
signs and special types of machines, so that, in modern times, 
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each Company has its own manufacturing shops. Et h engineer 
has his own particular f ads, and the old adage is eXe:!llplified that 
railway men and fools like their own company best. 
This brings us to the question which is frequently asked 
by the laymen, "What is meant by ' Interlocking System T' " 
The interlocking system, as applied to railways may 'be 
partly described as the concentration of the manipulation of 
point and signal movements for a station yard or junction, 
e.g., Fig. 14, with all their necessary gear, into one apparatus, 
the lev-e!'S of which ar-e so interlocked with lO'lle another that con-
flicting movements c3lnnot be made. The 'apparatus is placed in 
a f rame on the station ,platfor.m 'Or in a signal-box, of which Figs. 
15 and 16 show typical outside and inside views. 
As an illustration, assume an interlocking IlJ>paratus to con-
tain 60 levers. If these were not interlocked, the number of 
combinations of moveme.nts would run into thousands, whereas 
probably about 300 of these combinations are safe. These are 
rendered possible, but any over and above 300 are impossible. 
The Engineer, who has to prepare plans for the safe and 
efficient signalling and interlocking of station yards, junctions 
and sidings, has indeed a difficult and highly r esponsible task 
to provide for the various train movements and shunting operR'-
tions, ' so that the traffic may be conducted with safet y and de-
spatch, and arrange his signals and locking mechanism of the 
apparatus so that no conflictin g combinations can be given, and 
the element of human fallibility guarded against, requires aU 
the brain power of thought- and patient concentrat ion that it 
is possible to exercise. In fact, it somewhat resembles a game 
of chess. H e must imagine that the train workers are capable 
of making innumerable mistakes, int entionally or otherwise., 
and the Engineer must checkmate them all. 
Br itish Board of Trade Regulations (150--283 yards) . 
Not only this, but when his designs are carried out he 
must also satisfy himself, by practical t est and inspection of 
his work, that nothing has escaped his notice, nothing is left 
unprovided for that is needed to ensure safe working. 
I am quite sure that my learned colleagues of the Railway 
and Tramway Department, present here to-night , fully appre-
ciate this as their knowledge of the subject has been of great 
assistanc~ to th-em in carrying out designs, e pecially im the 
more important railway centres. 
The introduction of the Interlocking Machine, or apparatus, 
as it is now usually termed, was a considerable advance on all 
previous systems required for safe w~rking on railw~y:s, but 
this it must be understood only appbes to the prOV1Slon of 
levers for the manipulation of points and signals and their 
r estricted combination of movements, their practical utility be-
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gins and ends at the signal-box. But it is outside this cir-
cumscribed area that the real visible business of interlocking 
points and &'ignals is manifest. 
Signal.s are. the means by which instructions are given 
to the engme-drIver, or ot her person in charge of the train, in 
order to regulate the progress of the engine, or train from 
place to place, and it is of the utmost impor tance that ~ignals 
should be unmistakable, a~d that they should, ·in the simplest 
and clearest manner possIble, convey only such instructions 
as are proper to be observed, and as will, when obeyed ensure 
"safe working." ' 
TYPES OF VISIBLE SIGNALS. 
Until the principle of interlocking levers was introduced, 
only the simplest form of signal was possible, and even then 
the number was much restricted. and hundreds of signals had 
t o be given by hand. As the interlocking mechanism provided 
for practically an unlimited number of fixed signals being 
used, advantage was soon taken to provide, not only DIS-
. TANT and HOME Signals, but STARTING, SHUNTING and 
AUXILIARY Signals (Fig. 17) , with tJhe object of elimina.ting 
as far as possible, the USB of hand signals, except for purely 
shunting oper ations, outside the interlocking limits of a yard. 
These signals have, in modern times, become still further indic-
tive, including " W rong Road Shunts, " "Dead End, " 
" Setting Back, " and " Calling On" Arms, "Disc Signals " 
(Fig. 18) , and a host of others, the object being, as far as pos-
sible, not only to give the driver of an engine an absolute signal 
to proceed, but t.o show him what road he is to travel on. 
The t endency of modern railway authorities is rather to 
increase than dimi nish the number of visible signals, and, in 
the author 's opinion, it is questionable if this multiplying may 
not be carried too far. 
The Engine-driver of to-day has a much more r esponsible 
duty than he had even a f ew year s ago. There is confiider ably 
more gear l'bnd mechanism to be watched on a modern locomo-
tive t han formerly; high speeds ar e required and must be main-
tained, schedule time must be kept , complicated juuctions and 
st ation yards h ave to be negotiated at varyin g speeds, different 
grades and cur ves have to be car efully watched , and all kinds 
of weather, both day and night , have to be cont ended with, so 
it stands to r eason that t he simpler the signalling and the 
f ewer the number to be observed. the bet ter for the driver, and 
the less r isk of accident to h imself or to those of the t ravelling 
public, whose safe tr ansport he is largely responsible for. 
A marked improvement in t his direction was introduced a 
few years ago by Mr. Annett, the Signal Engineer of the 
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L. & S.W.R., and is. known as the ROUTE INDICATOR. (Fig. 
19.) 'fhese have been installed in the Sydney Station Yard in 
oonnection with the Electro-pneumatic System, and certainly pos-
sess excellent features. Suppose, for instance, that a train ap-
proaching the station, and the road is clear, which may lead, say, 
to six separate platforms, there is only one arm to be looked for 
'instead of six different ones, and as this arm is lowered the num-
ber of the plat£.orm road to which it is to run is exhibited below. 
'fhis is accomplished by the required number of opal glass slides, 
with numbers painted thereon, corresponding with number of 
separate arms that would be required under ordinary condi-
tions, and illuminated at night. Track locking is also provided, 
which prevents an incoming train being sent into an already 
occupied platform road by electrically controlling the release of 
its Home Signal. 
. The same principle appli~s to the outgoing main line and 
shunting signal. This system has enabled scores of separate 
Bignal arms to be dispensed with, which considerably assists in 
the quick observation needed. 
Different forms and shapes of signal arms provide all that 
is required by day, but one of the difficulties to be contended 
witb: is the exhibition in SIGNALS AT NIGHT of a particular 
form or colour of light that will unmistakably show the driver 
what the signal indiC'ates, so that he may obey it. Experience 
proves that the only two colours satisfactory for signalling at 
night a:re red and green; no other simple or compound colour can 
be made satisfactory, .although purple has been found in some 
CiaBes suitable for permanent way repair signals. 
For instance, it is important that drivers should clearly 
understand which is the "Distant," or "outlying warning sig-
nal," which he is allowed to pass at danger under certain de-
fined rules, as compared with the "Home signal," which, if at 
danger, means absolutely STOP. 
Serious accidents have occurred where the Distant L amp 
light has been extinguished, and the first signal light the driver 
has noticed has been the Home, which he mistook for the Dis-
tant, and has crashed into the rear of another train standing 
under its protection. 
'rhere is little or no risk at outlying or country stations, 
where the signals are few" but in large and complicated yards 
or junctions, where a number of signals are collected together, 
the clear exhibition of the Distant signal is a matter of the 
utmost importance. 
Various devices have been tried with more or less success, 
one of the best types being what is known as the "Coligny-
Welsh," which shows an arrow-shaped white light alongside 
the red or green spectacle. 
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P erhaps the best arrangement is, where practicable, to 
combine the H ome or Starting signal with the lower or 
Distant arm for the next 'section below it which, if capable 
of universal adaptability, would always indicate that the lower 
arm must of necessity be by the Distant, but this 'Cannot always 
be done. 
Shunting on the wrong r oad, that is in face of a possibly 
unchecked train or shunting engine, possesses some risk by 
night, and an ingenious arrangement is in use here which has 
been a great success, and has been largely adopted. It consists 
of a hole, about ! jnch diameter, in the centre of the green 
spectacle, ba'cked by a perforated disc of metal, which by 
night has the effect of showing a bright whit e star in the mid-
dle of the green field, and is absolutely unmistakable. 
In the early days of interlocked signals, the arms were 
arranged one above the other. For instance, a post with, say, 
three arms, the top one would apply to the left-hand road, the 
next lowest to .the second nearest left-hand road, and the next 
lowest to the nearest left-hand road of the three, and so on. 
These, with the exception of lower or distant iJ,rms, hav'e now 
been discarded, and the signals a.re usually of the BRACKET 
(Fig. 17a. ) or bridge type, where more than cme arm is required. 
One disadvanta."o-e of the' BRIDGE SIG JALS (Fig. 20) is 
undoubtedly, however, that they have to be erected , in many in-
stances, particularly as Starting Signals, of ' an undesira'ble 
height for clearance pUl'lposes, and the arms and lights are thus 
not so readily distingmshable by drivers, so that designers of 
station y.ards and junctions should always arrange, where pos-
sible, theiF roads so that suffici.ent space can be prov.ided for the 
erection of the single masts, carr ying the bracket supported 
arms. Signal bridges' are very costly to construct and main-
tain , and, in the author's opinion, are not nearly as sati fac-
tory as those of t he single or bracket post design. 
TYPES OF I NTERLOCKING SYSTEMS. 
The various kinds of signalling and interlo'cking systems 
now in use include (i.) the Manual, (ii. ) All Electric, (iii. ) Elec-
tro-Pneumatic, (iv.) Lock and Block, (v.) Semi-Automatic, 
(vi.) Automatic" (vii. ) Hydraulic, (viii. ) E lectr o-Mechanical. 
. On the Railways of the Commonwealth, nearly all the 
Colonies have generally adopted the Manual System, where the 
power for working the points and signals is supplied by the 
operator, as the Signalman, Station Master, or Officer-in-
Charge. 
In this Colony the Manual System is mostly in use, 
about 80% of the Station Yards, J unctions and Sidjngs being 
Int erlocked. The Electro-Pneumatic System is installed in the 
Sydney Station Yard, and will extend to Illawarra Junction; 
